Sinkhole Susceptibility Mapping Using a Frequency Ratio Method and GIS Technology Near Karapınar, Konya-Turkey  by Ozdemir, Adnan
 Procedia Earth and Planetary Science  15 ( 2015 )  502 – 506 
1878-5220 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
doi: 10.1016/j.proeps.2015.08.059 






a N. Erbakan University, Department of Civil Engineering, Konya, Turkey  
$EVWUDFW
7KH SXUSRVH RI WKLV VWXG\ LV WR SURGXFH D VLQNKROH VXVFHSWLELOLW\ PDS RI WKH 2EUXN 3ODWHDX LQ FHQWUDO 7XUNH\ EDVHG RQ D
IUHTXHQF\ UDWLRPHWKRGZLWKLQ D *HRJUDSKLF ,QIRUPDWLRQ 6\VWHP HQYLURQPHQW 8VLQJ ILHOG VXUYH\V WKH ORFDWLRQV RI WKH 
VLQNKROHVZHUHGHWHUPLQHGLQWKHVWXG\DUHD,QWKLVVWXG\VLQNKROHUHODWHGIDFWRUVZHUHGHWHUPLQHGDQGXVHGLQWKHDQDO\VLV
7KHYDOXHVRIWKHIUHTXHQF\UDWLRZHUHHVWLPDWHGXVLQJIUHTXHQF\UDWLRDQDO\VLVDQGZHUHXVHGWRFDOFXODWHWKHVLQNKROHSRWHQWLDO





PRGHUDWH DQG KLJK VLQNKROH SRWHQWLDO FODVVHV DUH  NP  NP  NP DQG  NP UHVSHFWLYHO\ 7KH
LQWHUSUHWDWLRQVRIWKHSRWHQWLDOPDSVKRZHGWKDWJHRORJ\OLWKRORJ\HOHYDWLRQDVSHFWIDXOWGHQVLW\GLVWDQFHWRIDXOWDQGGHFOLQH










© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibilty of the Organizing Commitee of WMESS 2015.
503 Adnan Ozdemir /  Procedia Earth and Planetary Science  15 ( 2015 )  502 – 506 
,QWURGXFWLRQ
7KHGLVVROXWLRQRIVROXEOHURFNVDQGGHSRVLWVDWWKHVXUIDFHRULQWKHVXEVXUIDFHFRPELQHGZLWKLQWHUQDOHURVLRQDQG
GHIRUPDWLRQDO SURFHVVHV FDQ SURGXFH FORVHG GHSUHVVLRQV FDOOHG VLQNKROHV ORFDOO\ NQRZQ DV REUXNV RU GROLQHV
*XWLpUUH] HW DO  ³2EUXN´ LV DQ LQWHUQDWLRQDOO\ UHFRJQL]HG 7XUNLVK JHRPRUSKLF WHUP 81(6&2 











DQG ORZ VXVFHSWLELOLW\ DUHDV DV DQ DLG IRU UHJLRQDO ODQG XVH PDQDJHPHQW DQG WKH VHOHFWLRQ DQG DSSOLFDWLRQ RI








7KLV PDQXVFULSW LQYHVWLJDWHV VLQNKROH VXVFHSWLELOLW\ DQG WKH HIIHFW RI VLQNKROH IRUPDWLRQUHODWHG IDFWRUV LQ WKH
YLFLQLW\ RI .DUDSÕQDU XVLQJ WKH )5 DQG WKH *,6 7KLUW\ WZR LPSRUWDQW FDXVDWLYH IDFWRUV IRU WKH IRUPDWLRQ RI
VLQNKROHVZHUH VHOHFWHG DQGFRUUHVSRQGLQJ WKHPDWLFGDWD OD\HUVZHUHSUHSDUHG LQ*,6 ,QSXWGDWDZHUH FROOHFWHG





7KH VRXUFHRI WKH VLQNKROHGDWD LQFOXGHG WRSRJUDSKLFPDSV ILHOG VXUYH\V DQG UHSRUWVRI VLQNKROHV0XFKRI WKH




VFDOHRIDQG WKLVZDVFRQILUPHGE\ WKHILHOGVXUYH\7RWDO\VLQNKROHVZHUH IRXQG LQ WKHVWXG\DUHD
)LJ  )RUW\ILYH UDQGRPL]HG QXPEHUV ZHUH JHQHUDWHG EHWZHHQ  DQG  DQG WKH VLQNKROH QXPEHUV
FRUUHVSRQGLQJWRWKHVHJHQHUDWHGQXPEHUVZHUHXVHGDVWKHWHVWVLQNKROHV
3.2 Factors related to sinkholes 

'LIIHUHQW WKHPDWLFPDSVRI WKHVWXG\DUHDVXFKDVJHRORJ\ WRSRJUDSK\JHRPRUSKRORJ\K\GURJHRORJ\DQG ODQG
XVHODQGFRYHUKDYHEHHQSURGXFHGDQGXVHGLQWKLVVWXG\6LQNKROHUHODWHGIDFWRUVDUHHOHYDWLRQVORSH
VORSHVWHHSQHVVDVSHFWWRSRJUDSKLFZHWQHVVLQGH[GLVWDQFHWRGUDLQDJHOLQHGHQVLW\RIGUDLQDJHOLQH
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JHRORJ\OLWKRORJ\  IDXOWGHQVLW\ GLVWDQFH WR IDXOWV  WKLFNQHVVRI ,QVX\XIRUPDWLRQ  WRSDQG
ERWWRP OHYHOVRI ,QVX\X IRUPDWLRQ  W\SHRIFDSURFN  WKLFNQHVVRIFDSURFN *URXQGZDWHU/HYHO
*:/LQ2FWREHU*:/LQ$SULO*:/LQ2FWREHUGLIIHUHQFHVLQ*:/EHWZHHQ
2FWREHUGLIIHUHQFHVLQ*:/EHWZHHQ$SULODQG2FWREHUK\GUDXOLFJUDGLHQWRI*:
LQ$SULO   GLIIHUHQFHV LQ*:/EHWZHHQ$SULO  DQG2FWREHU  5DWLR 5 RI GLIIHUHQFHV LQ
*:/EHWZHHQ$SULODQG2FWREHUGLYLGHE\*:/LQ$SULOVRPHLRQVRI*:VXFKDV&D
 0J  1D.  &O  62  &2+&2  WRWDO KDUGQHVV RI *:  (OHFWULFDO
&RQGXFWLYLW\RI*:(&3+'LVVROYHG2[\JHQRI*:'2ZHOOGHQVLW\DQGODQGXVHODQG
FRYHU 7KH PDLQ IDFWRUV FRQVLGHUHG LQ WKH SUHVHQW VWXG\ DQG WKRVH ZKLFK DUH LQIOXHQWLDO LQ WKH RFFXUUHQFH RI D
VLQNKROHDUHGHVFULEHGEHORZ
7KH VWXG\ DUHD JHRORJLFDOO\ FRQVLVWV RI VHGLPHQWDU\ PHWDPRUSKLF DQG YROFDQLF URFN XQLWV 7KH VWUDWLJUDSKLF
VHTXHQFHRIWKHVWXG\DUHDUDQJHVLQDJHIURP7ULDVVLFWR+RORFHQH)LJ%DVHGRQVWXGLHVE\8OXDEWKH





3.3 Frequency Ratio Method and its application 
7KH)5PHWKRGKDV DOVR EHHQ DSSOLHG WRPDQ\ VWXGLHV /HH DQG3UDGKDQ 0H]XJKL HW DO 2]GHPLU
9LMLWK DQG0DGKX <LOPD]  ,Q WKLV VWXG\ WKH)5PRGHOZDV XVHG IRU VLQNKROH DQDO\VLV XVLQJ
WKLUW\ILYHWKHPDWLFOD\HUV7KHFDOFXODWLRQVWHSVIRUDQ)5IRUDFODVVRIWKHVLQNKROHDIIHFWLQJIDFWRUVDUHEHORZ
 '&%$)5           
:KHUH $ LV WKH QXPEHU RI SL[HOV LQ WKH FODVV RI WKH GHSHQGHQW IDFWRU % LV WKH WRWDO QXPEHU RI SL[HOV RI WKH
GHSHQGHQWIDFWRU&LVWKHQXPEHURISL[HOVLQWKHFODVVRIWKHLQGHSHQGHQWIDFWRU'LVWKHWRWDOQXPEHURISL[HOVLQ
WKHVWXG\DUHD$%LVWKHSHUFHQWDJHIRUDUHDZLWKUHVSHFWWRDFODVVIRUWKHIDFWRU&'LVWKHSHUFHQWDJHIRUWKH
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       
:KHUH623, LV WKH VLQNKROH RFFXUUHQFHSRWHQWLDO LQGH[)5 LV WKH IUHTXHQF\ UDWLRRI D IDFWRU DQGQ LV WKH WRWDO
QXPEHURILQSXWIDFWRUV,QGHWHUPLQLQJ)5WKHDUHDUDWLRIRUVLQNKROHRFFXUUHQFHZDVFDOFXODWHGIRUWKHUDQJHRI
HDFKIDFWRUDQGWKHDUHDUDWLRIRUWKHUDQJHRIHDFKIDFWRUWRWKHWRWDODUHDZDVFDOFXODWHG)LQDOO\)5VIRUWKHUDQJH












HYDOXDWHG E\ FDOFXODWLQJ WKH UHODWLYH RSHUDWLQJ FKDUDFWHULVWLF 52& 2K DQG /HH  7KH YDOXH IRU WKH DUHD
XQGHUWKH52&FXUYHIRUWKH)5PHWKRGZDVIRXQGWREHZLWKDQHVWLPDWHGVWDQGDUGHUURURI7KHVH
UHVXOWV LQGLFDWH WKDW WKH)5PRGHO LVDJRRGHVWLPDWRURI VLQNKROH VXVFHSWLELOLW\ LQ WKH VWXG\DUHD7KH)5PRGHO






VLQNKROHVZLWKLQ WKHGLIIHUHQW VLQNKROHRFFXUUHQFHSRWHQWLDOFODVVHVZHUHGHWHUPLQHG%\RYHUOD\LQJ WKHSUHGLFWHG
623,PDSSURGXFHGE\WKH)5PHWKRGZLWKWKHWHVWWUDLQLQJDQGWRWDOVLQNKROHVWKHUHVXOWVLQGLFDWHGWKDW
DQG  RI WKH REVHUYHG VLQNKROHV ZHUH FRQFHQWUDWHG LQ WKH KLJK SRWHQWLDO FODVV UHVSHFWLYHO\ &RPSDULQJ WKH
REVHUYHG VLQNKROHPDSZLWK WKH VLQNKROH RFFXUUHQFH SRWHQWLDO  RI VLQNKROHV IDOO LQWR WKH KLJK DQGPHGLXP
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SRWHQWLDOFODVV7KHVLQNKROHSRWHQWLDOPDSREWDLQHGIURPWKH)5PHWKRGFRQWDLQVRIWKHWRWDODUHDZKLFKLV
GHVLJQDWHG WR EH RI YHU\ ORZ RU QR VLQNKROH SRWHQWLDO ]RQH /RZ PRGHUDWH DQG KLJK VLQNKROH SRWHQWLDO ]RQHV
FRQVWLWXWHDQGRIWKHWRWDODUHDUHVSHFWLYHO\7KHHYDOXDWLRQRIWKHSUHGLFWLRQDFFXUDF\RI
WKHREVHUYHGWUDLQLQJDQGWHVWVLQNKROHVVKRZVWKDWWKHVLQNKROHRFFXUUHQFHSRWHQWLDOPDSVSURGXFHGWKURXJKWKH)5





7KH DQDO\VLV LGHQWLILHG PDQ\ PDMRU WUHQGV LQ VLQNKROH RFFXUUHQFH  6LQNKROHV ZHUH PRVW DEXQGDQW RQ HDVW




/DNH IRUPDWLRQV  7KH VLQNKROH RFFXUUHQFH SUREDELOLW\ LQFUHDVHV ZLWK WKH WKLFNQHVV RI FDUVWLILFDWLRQ EHGURFN
,QVX\X IRUPDWLRQ 0RVW VLQNKROHV RFFXU DW WKH FRYHU WKLFNQHVV EHWZHHQ  DQG  P DQG HVSHFLDOO\ DW WKH
WKLFNQHVV EHWZHHQ  DQG  P  5HJLRQDO GHFOLQHV RI JURXQGZDWHU OHYHOV LQFUHDVH VLQNKROH RFFXUUHQFH LQ
VLQNKROHSURQH UHJLRQV  6LQNKROHV DUH DEXQGDQW LQ WKH DUHDV ZKHUH K\GUDXOLF JUDGLHQW LV KLJK RU ORZ 
'HFUHDVHV LQJURXQGZDWHU OHYHODQG WKHIUHTXHQF\RIVLQNKROHIRUPDWLRQKDYHVLJQLILFDQWO\ LQFUHDVHGVLQFH
7KHLQFUHDVLQJLQFLGHQFHRILQGXFHGVLQNKROHVLVH[SHFWHGWRFRQWLQXHDVRXUGHPDQGIRUJURXQGZDWHUJURZV
7KHFKDQJLQJ W\SHRIDJULFXOWXUH LVRIWHQDVVRFLDWHGZLWK LQFUHDVLQJGHPDQGV IRUZDWHUVXSSOLHVZKLFKPD\























 2]GHPLU $  *,6EDVHG JURXQGZDWHU VSULQJ SRWHQWLDOPDSSLQJ LQ WKH6XOWDQ0RXQWDLQV .RQ\D7XUNH\ XVLQJ IUHTXHQF\
UDWLRZHLJKWVRIHYLGHQFHDQGORJLVWLFUHJUHVVLRQPHWKRGVDQGWKHLUFRPSDULVRQ-+\GURO±
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